Direct detection of radical generation in rat liver nuclei on treatment with tumour-promoting hydroperoxides and related compounds.
EPR spin trapping has been employed to directly detect radical production in isolated rat liver nuclei on exposure to a variety of hydroperoxides and related compounds which are known, or suspect, tumour promoters. The hydroperoxides, in the absence of reducing equivalents, undergo oxidative cleavage, generating peroxyl radicals. In the presence of NADPH (and to a lesser extent NADH) reductive cleavage of the O-O bond generates alkoxyl radicals. These radicals undergo subsequent rearrangements and reactions (dependent on the structure of the alkoxyl radical), generating carbon-centred radicals. Acyl peroxides and peracids appear to undergo only reductive cleavage of the O-O bond. With peracids this cleavage can generate aryl carboxyl (RCO2.) or hydroxyl radicals (HO.); with acyl peroxides, aryl carboxyl radicals are formed and, in the case of t-butyl peroxybenzoate, alkoxyl radicals (RO.). The radicals detected with each peroxide are similar in type to those detected in the rat liver microsomal fraction, although the extent of radical production is lower. The subsequent reactions of the initially generated radicals are similar to those determined in homogeneous chemical systems, suggesting that they are in free solution. Experiments with NADPH/NADH, heat denaturation of the nuclei and various inhibitors suggest that radical generation is an enzymatic process catalysed by haemoproteins, in particular cytochrome P-450, and that NADPH/cytochrome P-450 reductase is involved in the reductive cleavage of the O-O bond. The generation of these radicals by the rat liver nuclear fraction is potentially highly damaging for the cell due to the proximity of the generating source to DNA. Several previous studies have shown that some of the radicals detected in this study, such as aryl carboxyl and aryl radicals, can damage DNA, via various reactions which result in the generation of strand breaks and adducts to DNA bases: these processes are suggested to play an important role in the tumour promoting activity of these hydroperoxides and related compounds.